Abstract
Introduction 1
Odour emission from livestock is a territorial problem for agricultural areas, not only restricted to 2 the peri-urban ones (Schauberger et al., 2001) . Authorisation for the construction of new stables 3 often requires a prior assessment of odour dispersion. Disturbance magnitude of livestock activities 4 on surrounding settlements depends on emission source type (pig, cattle, poultry, etc.), 5 management, topography and climate. The latter, in terms of mean values and variability, is a key 6 factor to consider. The main weather variables involved in odour dispersion process are wind speed 7 and direction, but air temperature, humidity, and rainfall also play a relevant role. Finally, odour 8 nuisance is even affected by the kind of smell as well as by its frequency, intensity and duration.
9
Odour dispersion also depends on emission rates from livestock facilities which, despite their high 10 variability in time, are often considered as constant.
11
Models for pollutant dispersion from point sources come mainly from civil and industrial fields,
12
whereas models specifically designed to predict odour dispersion for the agricultural sector are not 13 so frequent (Navarotto et al., 2007) . Therefore, odour dispersion models applied to agriculture often 14 derive from the first ones.
15
Most of the models follow either the Lagrangian, Eulerian or Gaussian approaches (Collet and 16 Oduyemi, 1997; Holmes and Morawska, 2006).
17
Lagrangian models (also known as puff models or particle models) describe the motion in space of 18 individual, non-interacting elementary odour particles. They are stochastic models which take into 19 account the randomness with which odour particles move toward different directions. As these 20 models require the simulation of several trajectories of elementary particles to achieve an adequate 21 accuracy level, they need high computing power (Flesh et al., 1995) . A well-known example of a 22 Lagrangian model is CALPUFF (Scire et al., 2001) , developed by the Atmospheric Studies Group 23 of Earth Tech Inc. (California), which simulates odour or pollutant puff movements in atmosphere.
24
Eulerian models (grid models) calculate the average concentration of pollutant particles in different moreover, as compared to Lagrangian models they allow a more correct spatio-temporal 28 representation.
29
Gaussian models are based on sets of equations describing the three-dimensional space 30 concentration generated from a point source, considering current meteorological conditions as temperature and wind direction changes (described hereinafter in sub-section 2.2). The model also 6 considers an odour reduction factor due to rainfall.
7
OdiGauss allows only short-term simulations; nonetheless, due to the computational efficiency of 8 the software, a climatological perspective can be easily generated by integrating simulations based 9 on hourly series of meteorological data over a period of several years.
10
The OdiGauss model represents the odour concentration at equilibrium, in the three spatial (Table 1) .
27
The odour removal due to precipitation is estimated correcting the hourly odour concentration (C) 28 with the hourly rainfall, according to a concept of "scavenging" (Zhang et al., 2006) . The washout 1 Odour unit (ou•m -3 ) is the unit adopted to express odour concentration. It corresponds to the amount of odorigenous substance which, dispersed in a cubic meter of air, produces a concentration of odorous substance equal to the olfactory threshold. For example, an odour concentration of 3000 ou•m -3 means that it is necessary to dilute the odorous air sample to 3000 times with fresh air in order to reach the olfactory threshold of 50% of individuals (perceived by 50% of individuals) process leads to an effective concentration (Ceff) computed by an exponential model (modified (Briggs, 1973 
Atmospheric stability classes

15
The classification proposed by Pasquill (1961) , which is widely accepted and quite easy to apply, 16 has been adopted. which reduces peak-to-mean ratio with distance from the source (Schauberger et al., 2001; 2012a) .
23
More recently, peak to mean ratio has been proposed as dependent on the atmospheric stability class 24 (Schauberger et al., 2012b) . In OdiGauss, a constant value of peak-to-mean ratio is adopted, which 25 may be tuned following a precautionary criterion. The suggested default value for the peak-to-mean 26 ratio is equal to 2.3, while a value of 1 disables the peak-to-mean correction. 3) Background use of OdiGaussC.exe, launched, as a command, from other software.
6
Parameters of working area, sources, and receptors can be interactively entered or saved in a file
7
("run" file) to run calculations autonomously. Weather data are always to be saved in a specific file 8 ("meteo file").
9
The software needs information about atmospheric stability class (Table 1) , which can be provided 10 as an input variable in the "meteo" file (Pasc variable, calculation are missing, stability class is set to the constant value indicated by user.
13
It is also possible to indicate the background odour concentration of the environment, which is 14 added to those generated by odour sources.
15
The software performs as many simulation steps as the hourly record of meteorological data in the
16
"meteo" file. Therefore, in order to get a sound climate representation, it is advisable to use at least 
21
The results of spatial estimated concentration are cumulated over all simulation hours and for each 22 spatial cell of the territory, at the receptor height, producing maps of i) mean and maximum peak therefore it is not suitable for complex orographic conditions; v) for all the odour sources, the 1 weather conditions are considered to be the same.
2
A multilingual on-line help is available both for the GUI application and for the console version.
3
Further documentation and examples are available on the software website. 
Simulation results
5
After each run OdiGauss produces: i) the compass rose of wind distribution (see later as example ; ii) six maps with their documentation files; iii) a "report" file. Maps (Table 4 ) are generated 7 in ASCII grid raster format and can be saved for some of the most common GIS software (ArcGIS, 8 GeoMedia, Idrisi and Surfer). The "report" file contains the parameters used for the simulation and 9 the names of the generated files. Map documentation file has the same name as the map but .inf 10 extension name. Maps are also saved as XY The squared-shaped working area is defined by the maximum distance for dispersion calculation, 7 the cell size, the surface roughness coefficient, the washout coefficient of rain, and the average 8 geographical latitude of emission sites.
9
The maximum distance (m) is limited by the number of cells that have to be calculated (depending 10 on cell size) and by the total number of simulation time steps. Considering a single emission source,
11
one year of hourly wind data, a maximum dispersion distance of 2000 meters, and cell size of 4 m,
12
OdiGauss will perform about 4.37·10 9 calculation cycles, corresponding to 365 days x 24 hours x
13
(n x n-1)/2 cells, where n=2·2000/4. In the case of multiple sources, the maximum distance sources. Odigauss default value for maximum distance is set to 3000 m.
16
The cell size (m) is the size of the square cell with which territory is tasselled. Small cells improve 
Receptor 3
The receptor (schools, settlements, other production sites, etc.) characteristics to be considered are:
4 height at which odour is perceived, odour threshold and peak-to-mean ratio.
5
The reference height for the odour detection (m) indicates the height where the odour receptor is 6 located (suggested value, 2 m).
7
The odour concentration threshold (ou•m -3 ) is the value below which odour is not perceived by 50% Kabb a dimensionless coefficient of odour abatement ranging from 0 (no odour reduction) to 1
12
(totally suppressed odour emission). 
16
In order to provide the maximum emission rate for all days of the year, it has been assumed that
17
Emax follows a sinusoidal function during the year, according to the equation:
19 where:
20
Ewin is the maximum emission of the dose in winter;
21
Esum is the maximum emission in the summer;
22
Doy is the day of the year (from 1 to 365). launched from another program or from the SEMoLa framework.
10
OdiGausss asks the user for model parameter values to calculate emissions (Fig. 4) , and launches
11
EmiFarm which generates a file containing the simulation results (emifarm.res). Later, the 12 application uploads the simulation result file and extracts the EmissTot variable (total actual 13 emission from manure heap) which contains daily emission values; from this, a variable in the
14
"meteo" file with the same name as in "source" file is created. Finally, it saves the "meteo" file with 15 updated emissions. It is possible to create several emission variables, but it is not necessary to do this for all sources in 4 the "source" file because some of them can be declared with a constant emission value.
5
The "meteo" file updated in such a way is used by OdiGauss to calculate the dispersion maps. 6. Case studies 8 As an example of OdiGauss use, simulations have been carried out on two farms (Table 6) 
14
The emission point height is 5 m.
15
The second farm (case study B) is a poultry farm growing 185000 broilers in Pordenone district, Northern Italy rather than VDI 3894 conventional values because it has been considered they better 10 suit to local climate conditions (both in terms of seasonal and daily variability), housing systems 11 and management of the two case studies.
12
The average odour emission rate in case study A has been computed considering an odour emission This value is similar to that one calculated using VDI 3894 emission factors (22000 ou•s -1 ).
5
In both cases, simulations have been carried out for a period of one year, with hourly time step, 6 using meteorological data taken from the nearest weather station. Fig. 5 reports monthly mean air 7 temperatures and total rainfall, and frequency distributions of wind direction and velocity, retrieved 
2
The complete input data sets for odour dispersion simulations are reported in Table 7 . Table 8 ).
9
In both case studies, the simulated odour dispersion follows the main wind direction (SW and S in 10 case study A and B, respectively) (Fig. 6 ).
11
Considering odour thresholds of 1 and 3 ou•m -3 , in the case study A the area with an exceeding 12 probability higher than 2% goes beyond the 36 km 2 of the simulated area. In these conditions,
13
receptors situated downwind from the emission point have a probability higher than 14.5% to area with an exceeding probability higher than 2% decreases dramatically, down to about 3 km 2 .
16
This area extends up to 2.8 km in the prevalent wind direction (SW) from the source emission point 17 while in the opposite direction the impact distance is about 0.4 km.
18
In case study B, the time over threshold area with an exceeding probability of at least 2% decreases application that allows to classify them in relation to exceedance probability established by users.
17
This integrated system permits the determination of the separation distance for different land uses in 18 relation to their protection level established by the current regulations.
19
The availability of a separate executable engine performing odour dispersion simulation
20
(OdiGaussC) easily allows the implementation in other software which can take advantage of using 21 the dispersion calculation of OdiGaussC, launched as a background process. In order to run OdiGauss, the user has to: i) prepare a file containing meteorological data ("meteo" 2 file); ii) insert, by a dialog window, the characteristics of the odour sources, then saved in the 3 "source" file; iii) insert, by a dialog window, input simulation parameters, then saved in the "run" 4 file.
5
Otherwise, in order to directly use OdiGaussC.exe calculation engine, "source" and "run" files are 6 to be managed manually or with other software, as described below.
7
The "meteo" file contains hourly values of weather data, for an appropriate time period (at least one 8 year), in csv file format. If the name extension of the "meteo" file is not declared, then csv is 9 assumed. The "meteo" file can contain up to the variables listed in Table A .1 but only date, hour, all odour sources.
19
The "source" file as well has to be prepared in the csv format. If extension name is not declared, 20 csv is assumed. The "source" file contains, in any order, the variables listed in Table A generated by an external model, the simulated variables must have the same source name existing in 23 the "source" file.
24
The "run" file is a text file containing all parameters and information needed to carry out an
25
OdiGauss simulation. It has a specific format and allows to launch OdiGaussC.exe as a command 26 or in the background by other software. To launch a simulation from command line, the word
27
"OdiGaussC" has to be followed by the name of a "run" file that specifies all parameters and 
